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Understanding the diversity of ani-
mal signals requires knowledge of 

factors which may influence the differ-
ent stages of communication, from the 
production of a signal by the sender up 
to the detection, identification and final 
decision-making in the receiver. We stud-
ied a Neotropical katydid (Docidocercus 
gigliotosi) which uses airborne sound for 
long distance communication, but also 
an alternative form of private signalling 
through substrate vibration. Males spend 
more time with private signalling under 
full moon conditions, when the noctur-
nal rainforest favours predation by visu-
ally hunting predators. For either type of 
signal we measured the energetic costs 
of producing it, its active space, and the 
background noise levels in both trans-
mission channels. Signal perception was 
studied using neurophysiological meth-
ods under outdoor conditions, which 
is more reliable for the private mode of 
communication. Our results demonstrate 
the complex effects of ecological condi-
tions, such as predation, nocturnal ambi-
ent light levels and masking noise on the 
performance of receivers in detecting 
mating signals, affecting the net advan-
tage or disadvantage of either mode of 
communication.

Airborne sound signals are well studied in 
birds, frogs and insects,1,2 some represent 
the most conspicuous signals ever found 
in intraspecific communication. However, 
due to their conspicuousness, they are 
subject to eavesdropping by unintended 
receivers, with potentially dramatic con-
sequences for the signallers’ survival if the 
eavesdropper is a parasitoid or a predator.3,4 
This strong selection pressure may result in 
evolutionary adaptations that reduce the 
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conspicuousness to predators. However, 
Endler6 emphasized the fact that conspicu-
ousness of a signal is not a fixed property, 
but varies with environmental conditions. 
We would therefore expect selection to 
act on the individual to adjust its signal-
ling behaviour in response to these varying 
conditions.

By combining methods from ecology, 
behaviour, physiology, neurophysiology 
and biophysics we extended previous stud-
ies on the neotropical katydid Docidocercus 
gigliotosi demonstrating anti-predator 
defences to escape predation by foliage-
gleaning bats which are attracted by the 
prey’s calling songs.7-9 One such adaptation 
in the prey is the use of substrate-borne 
tremulation signals, which are undetect-
able by the predator. As predicted by the 
“Sensory Drive Model”6,10,11 (Fig. 1), we 
found changes in the use of the two modes 
of communication with environmental 
conditions, such as the lunar cycle, and 
resulting consequences for signal detec-
tion in receivers.12 Our results demonstrate 
that each adaptive response in signalling of 
a prey species may be followed by a cas-
cade of consequences for the cooperative 
communication system, including changes 
in the costs for signal production, in the 
active range of a signal, the accuracy of 
signal detection or discrimination by 
receivers.

Yet, in order to fully understand the 
evolution of such a system, further knowl-
edge about the influence of the ecology of 
a species for each step between signal gen-
eration and perception is badly needed. 
This is in particular true for signal per-
ception and discrimination in receivers 
under realistic ecological conditions. For 
example, what are the consequences of 
the extreme low duty cycle of the katydid 
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mode of communication based on sub-
strate vibrations.

We explored a recently developed 
unsupervised machine learning algorithm 
based on probabilistic inference17,18 and 
asked how much information the CNS 
can extract from such bursts without ever 
being told by a postulated “supervisor,” 
which type and which variants of bursts are 
characteristic for particular stimuli. One 
result was that stimuli with more complex 
temporal structure elicited reliable burst 
patterns in the afferent neuron which very 
rarely cluster together with bursts induced 
by noise, in contrast to “simple” stimuli 
(Fig. 2B). However, males of the katy-
did D. gigliotosi use exactly such “simple” 
stimuli for intraspecific communication, 
as a result of natural selection exerted by 
unintended receivers (bats). Although we 
are currently unable to explain how female 
receivers solve the detection problem of low 
duty cycle signals, our results nevertheless 
would argue for more research on receiver 
mechanisms in integrated approaches on 
animal communication.
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a “biological microphone-approach”,15,16 
which allows studying sensory coding of 
sound signals directly in the natural envi-
ronment of an organism, we have shown 
that sensory bursts in response to back-
ground noise may be falsely misinterpreted 
by the CNS of a receiver as resulting from 
conspecific signals (Fig. 2A). This type 
of error rarely appeared in the private 

call (rate 1/10 seconds; duration 23 ms) 
for female receivers? In the nocturnal 
rainforest perception and discrimination 
is complicated by high noise levels in the 
air-borne sound channel13,14 and the fact 
that a receiver has to extract information 
about sound signals based entirely on 
the analysis of ongoing afferent spiking 
activity in the auditory pathway. Using 

Figure 1. the “Sensory drive model” (modified from ref. 10 and 11) adapted for D. gigliotosi using 

air-borne sound and tremulation for communication. Sensory systems, signals, signaling behav-

ior, predator avoidance, signal modes and habitat choice are all evolutionary coupled. As a shift 

in one of these traits would have significant consequences for the other traits, they should also 

coevolve in predictable directions.

Figure 2. (A) recording of single cell activity in the tropical rainforest, made at about 45 minutes 

after sunset, a time when the background noise level had increased from 40 dB SpL to 65 dB SpL. 

note the bursting activity of this auditory cell in response to the background, but only one of the 

bursts (arrow) was elicited by a short, 20 ms stimulus. (B) Clusters of sensory bursts from two re-

cordings in the natural habitat (February 22 and 27, 2004). Bursts elicited by artificial stimuli (either 

a simple, 20 ms stimulus or series of 4 times 10 ms pulses) are plotted red, bursts associated with 

noise are plotted in black. note the similarity of bursts in the two preparations in different nights, 

and that bursts in response to the simple stimulus clustered together with bursts from noise.
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